The biodegradable polymer drug-eluting stents were developed to improve vascular healing. However, further data are needed to confirm the safety and efficacy of these stents in patients with acute myocardial infarction (AMI).
Introduction
The first generation drug eluting stents (DES) coated with a permanent polymer reduced rates of restenosis when compared to bare metal stents (BMS). Although DES succeeded in suppressing neointimal hyperplasia, the presence of durable polymers was attributed to delayed vessel healing, hypersensitivity reactions, chronic inflammation with the added risks of stent thrombosis (ST) due to delayed healing and prolonged re-endothelialization [1] [2] [3] [4] [5] . Second-generation DES reduced rates of ST with preserved low restenosis rates [6] [7] [8] . However, very late ST and neoatherosclerosis have been recently observed also with second-generation DES [9] [10] [11] . To address the limitations of the durable polymer DES, new platforms that make use of biodegradable polymers have been developed. The safety and effectiveness of biodegradable polymer coated DES (BP-DES) over BMS and first-generation DES has been proven previously in reducing the risk of very late ST and restenosis [12] [13] [14] . Patients with acute coronary syndromes (ACS) constitute a challenging subset with poorer outcomes after percutaneous coronary interventions (PCI) as compared to stable coronary artery disease, with an increased risk of ST and reinfarction [15] . Therefore, despite the potential benefits of a BP-DES in patients with acute myocardial infarction (AMI), their efficacy and safety remain to be confirmed.
Aim
In our study, we sought to determine the 1-year clinical follow-up of patients treated with the thin strut BP-coated sirolimus-eluting stent (BP-SES) versus the durable coating everolimus-eluting stent (DP-EES) in the AMI setting, including ST-segment elevation myocardial infarction (STEMI) and non-STEMI patients (NSTEMI).
Material and methods

Study design
The data were obtained from a prospective, observational registry of all patients treated with PCI in four interventional cardiology centers in Poland (Sosnowiec, Raciborz, Chorzow, Czestochowa) without cardiac surgery on site. We performed a retrospective screening of unselected individuals (n = 21 400) treated with PCI between 2010 and 2016. We included all consecutive patients with AMI (STEMI and NSTEMI) who underwent single or multi-vessel revascularization with either a BP-SES (ALEX, Balton, Warsaw, Poland) or a DP-EES (XIENCE, Abbott Vascular, Santa Clara, CA) during the index procedure. Relative contributions of the centers in terms of number of patients included were as follows: Czestochowa 39.3%, Sosnowiec 28.8%, Chorzow 16.1% and Raciborz 15.8%. Follow-up data for patients treated in the years 2015-2016 are currently not available. Therefore, for the final analysis only patients treated between 2010 and 2014 were selected, because 1-year follow-up data were available for all the patients. Due to the observational nature of the study and lack of any interference in the diagnostic and therapeutic decision-making process no permission was required from the Institutional Review Board and Bioethics Committee.
Stent system description
The BP-SES used in this study is a CE-approved balloon expandable cobalt-chromium stent with a 71 μm strut thickness and metal-to-artery ratio of ≈19%. It is covered with a biodegradable copolymer of poly-lactic and glycolic acid together with sirolimus. Preclinical studies in the porcine in-stent restenosis model at eight weeks showed nearly full polymer biodegradation and 95% release of the initial drug load [16] . In the previously published study, the BP-SES demonstrated favorable performance in complex coronary lesions of 424 patients in daily clinical practice [17] . The BP-SES demonstrated low residual diameter stenosis (6.43 ±4.16%) together with high clinical device success (98.5%), and acute gain (1.67 ±0.44 mm). In the present study, the thin strut BP-SES was compared to the benchmark balloon-expandable cobalt-chromium DP-EES with strut thickness of 81 μm and a metal-to-artery ratio of ≈15%. Everolimus is blended in a non-erodible polymer coated over another non-erodible polymer primer layer. The coating consists of acrylic and fluoropolymers and everolimus is eluted up to 120 days.
Study population
The demographic, clinical and angiographic data collected in the course of the index hospitalization were retrieved from the prospectively recorded Institutional Electronic Database. Follow-up data were retrieved from the health insurer (National Health Fund) database including the exact dates for deaths, myocardial infarction (MI) and repeat revascularization. Detailed angiographic data for repeat revascularization were obtained from the medical centers that performed the procedures.
All patients underwent coronary angiography with following or postponed PCI using standard devices. All interventional strategies, including the use of stents, choice of stent type and periprocedural antithrombin and antiplatelet therapy, were at the discretion of the attending physicians. Pharmacological treatments recommended by the European Society of Cardiology were introduced before and after the intervention unless contraindicated.
Definitions and endpoints
Target vessel revascularization (TVR) served as the efficacy outcome. Death, myocardial infarction (MI), and definite or probable ST were safety outcomes. MI was defined according to the European Society of Cardiology/ American College of Cardiology criteria for MI and that was clinically distinct from the index event at the time of first hospitalization [18] . Target vessel revascularization was defined as any repeat percutaneous intervention or surgical bypass of any segment of the target vessel including ischemia-driven and symptomatic-driven intervention. ST was considered as acute (0-24 h), subacute (> 24 h to 30 days) or late (> 31 days) and was defined as either definitive or probable according to the Academic Research Consortium [19] .
Statistical analysis
Categorical variables are presented as percentages and were compared using the c 2 test, whereas continuous variables are displayed as means ± SD and were compared using Student's t-test. A propensity score method was used to match the BP-SES and DP-EES groups for all baseline clinical characteristics and angiographic parameters listed in Tables I and II. The area under the curve for the logistic model was 0.708 (95% confidence interval 0.686 to 0.731), p < 0.0001. The greedy matching algorithm, available in NCSS, was used with the distance calculation option set to "Mahalanobis Distance within Propensity Score Calipers (no matching outside caliper)" and caliper to 0.2*Sigma. Cumulative event rates in 1-year follow-up were analyzed with the Kaplan-Meier method and compared with the log-rank test. All tests were 2-tailed, and a p-value < 0.05 was considered to indicate statistical significance. Statistics were calculated with Statistica 12 (StatSoft, Tulsa, Oklahoma, USA) and NCSS 12 Statistical Software (NCSS, LLC. Kaysville, Utah, USA).
Results
Baseline demographic characteristics
A total of 886 BP-SES and 1054 DP-EES patients were found to be eligible for matching. There was no difference in terms of age between the two tested groups (BP-SES 66.05 ±11.04 vs. DP-EES 65.34 ±11.24; p = 0.16). There was a significantly higher incidence of ST-segment elevation myocardial infarction in the BP-SES group (35.4% vs. 26.9%; p < 0.001) at hospital admission when compared to the DP-EES group. Previous stroke was present more often in the BP-SES than the DP-EES group (6.0% vs. 3.6%; p = 0.01). Previous MI and PCI procedures were less common in the BP-SES group (respectively: 25.2% vs. 30.8%; p = 0.01, 14.0% vs. 22.8%; p < 0.001).
Following propensity score analysis and matching, 672 pairs were selected for further analysis with a mean age of 65.72 ±11.24 years in the BP-SES group and Table I .
Patients angiographic and procedural characteristics
Before propensity score matching, there were significant differences between BP-SES and DP-EES groups in angiographic and procedural characteristics. Left main coronary artery disease occurred less frequently in the BP-SES group than the DP-SES group. The rate of single vessel PCI was higher in the BP-DES group than the DP-EES group. The number of stents implanted per patient was similar between the groups.
After propensity score matching, angiographic and procedural characteristics such as a multi-vessel CAD, left main CAD and targeted vessels were comparable between studied groups. There was no difference in single-vessel intervention rates. There was no difference in the number and length of stents implanted per patient. Angiographic and procedural characteristics before and after propensity score matching are summarized in Table II .
Clinical outcomes in matched cohorts
In-hospital (BP-SES 3.1% vs. DP-EES 2.5%; p = 0.43) and 30-day mortality (BP-SES 3.9% vs. DP-EES 2.5%; p = 0.16) was comparable in the matched groups. The efficacy outcome of TVR rates at 12 months did not differ significantly between BP-SES and DP-EES groups (respectively: 7.1% vs. 5.2%, p = 0.14). There was also no difference in safety endpoints between the matched groups regarding death, MI, and definite/probable ST (Figure 1 ). All-cause mortality at 1 year was identical in both groups (BP-SES 8.5% vs. DP-EES 8.5%, p = 1.00). Myocardial infarction rates were comparable in both groups (BP-SES 8.3% vs. DP-EES 8.0%; p = 0.84). The cumulative rates of definite/probable ST were relatively low with no significant difference between the matched groups (BP-SES 2.5% vs. DP-SES 2.2%; p = 0.72). Also, there was no difference in acute (BP-SES 0.2% vs. DP-SES 0.2%; p = 1.00), subacute (BP-SES 1.2% vs. DP-SES 1.2%; p = 1.00) and late (BP-SES 1.2% vs. DP-SES 0.9%; p = 0.59) definite/ probable ST. In summary, no significant differences were found in terms of clinical outcomes after 1 year. Detailed follow-up results are presented in Table III .
Discussion
The present study describes a direct comparison of the clinical outcomes of a thin strut biodegradable polymer coated sirolimus-eluting stent against the benchmark non-erodible polymer coated everolimus-eluting stent in AMI patients. The major finding of this investigation in a propensity-matched cohort is comparable 1-year clinical outcomes for the BP-SES when compared with the DP-EES, with relatively low event rates, demonstrating similar safety and efficacy of the devices in the AMI setting.
The ACS patients are more likely to develop subsequent coronary events such as ST leading to reinfarction. Intravascular imaging studies demonstrated impaired vessel healing in STEMI patients after DES implantation with a higher proportion of uncovered struts, which was most likely related to the adverse vessel remodeling caused by hypersensitivity and attenuation of the vessel's healing process induced by the polymer [20] . The ACS patients display persistent inflammation and high platelet reactivity, which favors the use of dual antiplatelet therapy (DAPT) for a longer time. Multiple meta-analyses have examined the impact of prolonged DAPT after DES implantation on clinical outcomes [21] [22] [23] . These studies have demonstrated that prolonged DAPT was as- sociated with a lower risk of stent thrombosis and AMI compared with shorter therapy. However, this benefit was attenuated with second-generation DES when compared to the first-generation DES. Ischemic event benefit was offset by a higher risk of bleeding and all-cause mortality when compared with shorter-duration therapy. The optimal duration of DAPT in patients at high risk of bleeding remains unknown. Therefore, the concept of a platform that offers benefits of DES in terms of reduction of restenosis and repeat revascularization together with the BMS safety regarding the risk of late thrombosis seems very attractive. Moreover, this might potentially result in a reduction of DAPT duration in ACS patients with high bleeding risk.
A large meta-analysis demonstrated a favorable safety profile of BP-DES together with a reduction of definite or probable ST when compared to bare metal stents [24] . Also, no differences in the rate of ST at median follow-up of 20 (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) months were observed when comparing second generation DES and BP-DES (OR = 0.4, 0.1-1.3) [25] . However, a recent analysis of ST rates reported to the Manufacturer and User Facility Device Experience database raised the possibility of an increased risk of ST, particularly as it relates to early ST (within 2-24 h) after implantation of a biodegradable polymer-coated everolimus-eluting stent (BP-EES) when compared to second generation DES [26] . In the subgroup of ACS patients of the COMPARE II trial, the biodegradable polymer biolimus-eluting stent was noninferior to the durable fluoropolymer-based everolimus-eluting stent at 12 months [27] . Also, results from a large and unselected cohort of patients with myocardial infarction treated with BP-EES demonstrated similar stent performance and clinical outcomes up to two years when compared to other newer-generation DES [28] . In the pooled individual patient-level analysis from three randomized clinical trials comparing BP-DES with DP-DES in 497 STEMI patients at 4 years, major adverse cardiac events were significantly reduced following treatment with BP-DES (hazard ratio (HR) = 0.59, 95% CI: 0.39-0.90; p = 0.01) [29] . Furthermore, non-significant reductions of cardiac death or MI (BP-DES 9.5% vs. DP-DES 15.0%; p = 0.07) and definite or probable ST (BP-DES 3.6% vs. DP-DES 7.1%; p = 0.09) in the BP-DES group were demonstrated. In the CENTURY II high-risk ACS substudy, BP-DES demonstrated noninferiority to DP-DES regarding major adverse cardiac events at 24 months and a favorable safety profile as evidenced by similar rates of ST throughout 2 years [30] . In our study, BP-SES demonstrated similar efficacy to DP-EES described by comparable TVR rates in both studied groups (respectively: 7.1% vs. 5.2%, p = 0.14). Also, we found that treatment with BP-SES was not associated with increased mortality (respectively: 8.5% vs. 8.5%; p = 1.00) and MI rates (respectively: 8.3% vs. 8.00%; p = 0.84) compared to DP-EES. Furthermore, no significant differences were found in terms of definite and probable stent thrombosis (BP-SES 2.5% vs. DP-SES 2.2%; p = 0.72). However, the 12-month rates of stent thrombosis found in our study are slightly higher than in randomized trials comparing biodegradable and durable polymer coated DES [31] . It is important to stress that this difference might be attributed to a more challenging population comprising only AMI patients. Acute thrombogenicity and long-term vascular healing in DES have been attributed not only to drug pharmacokinetics, durable polymer biocompatibility, composition distribution, and, in the case of BP-DES, duration of bioresorption, but also to the platform material and stent strut thickness [32] [33] [34] . Indeed, compared with the thicker struts, thinner strut platforms have been shown to reduce platelet aggregation and inflammatory cell adhesion [35, 36] . The BP-SES evaluated in this study was designed to facilitate stent vascular healing using a thinner strut profile (71 μm) compared to the DP-EES (81 μm). A previously published multi-timepoint optical coherence tomography (OCT) study of arterial wall healing after implantation of BP-SES out to 12 months demonstrated a favorable profile of arterial wall healing already after 3 months, while retaining a sustained antiproliferative effect up to 12 months of follow-up [37] . Whether the degree of strut coverage (evaluated by OCT) is a sufficient parameter to discontinue DAPT without the risk of ST safely is currently not known and needs to be appropriately assessed in a prospective clinical trial. It also remains to be demonstrated whether the use of new technologies such as BP with thin-strut stent platforms, seeking to achieve more rapid re-endothelialization and an improved healing pattern, will overcome the small drawbacks of the current DES generation in terms of ST and stent restenosis. One of the biggest differences between studied devices is the type of antiproliferative drug eluted from the stent surface (sirolimus vs. everolimus). Safety data from large meta-analysis favor the use of everolimus vs. sirolimus eluting stents [38] . However, most of the differences in device performance are explained by the type and design of metallic platforms or polymers used in these devices. Therefore, we believe that in the setting of thinner strut thickness and improved stent design the overall drug effect of both limus analogues is not significantly different.
It has been previously postulated that longer follow-up is required to demonstrate the risk reduction of adverse events in favor of BP-DES compared with DP-DES [13] . For example, the 5-year results in the LEADERS trial showed that BP-DES was associated with a significant reduction in very late (> 1 year) definite stent thrombosis [39] . Therefore, follow-up beyond 1 year is required to clarify the potential benefit of BP-SES over DP-EES on clinical outcomes.
Taking into consideration the above observations in a propensity-matched cohort, we are of the opinion that the BP-SES included in the present study displays a similar efficacy profile as the benchmark DP-EES, without compromising safety, which is of the utmost importance among AMI patients treated in routine clinical practice.
Study limitations
First, our study is limited by its observational nature and patients were not enrolled in a randomized fashion. Thus, any findings should be confirmed by a prospective and sufficiently powered clinical trial. Nevertheless, more challenging patients are often excluded from randomized controlled trials. For such reasons, observational studies can be used as complementary forms of research in the real-world population [40] . We attempted to minimize the selection bias as regards whether to implant a BP-SES or a DP-EES by using propensity score matching for a wide range of variables. However, not all differences between the groups can be addressed.
Second, no routine angiographic surveillance was scheduled, and thus no conclusions regarding potential restenosis can be made. Also, no intravascular imaging data were collected. Adequate DAPT is one of the most important factors that prevent stent thrombosis. However, we do not have the data on antiplatelet drug compliance during follow-up.
Third, we evaluated only patients treated between 2010 and 2014 due to the lack of currently available follow-up for 546 patients treated in the years 2015-2016.
Fourth, no data on cardiovascular mortality, stroke or major bleeding at follow-up were available.
Finally, our study is limited to one-year follow-up, while the theoretical differential clinical outcome between the compared technologies might be observed during long-term follow-up.
Conclusions
This is the first competitive evaluation of BP-SES vs. DP-EES in the AMI population. It provides evidence for the safety and efficacy of the BP-SES. The 12-month outcomes for the BP-SES were similar to the DP-EES. These findings should be verified in a prospective, randomized trial.
